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DESCRIPTION 



MEASURING INSTRUMENT AND FLUOROMETRIC METHOD 

5 Technical Field 

The present invention relates to a measuring instrument for 
measuring an intensity of transmitted light or radiated light for each 
coloring matter when a sample mixed with a plurality of coloring matters 
is irradiated with light having wavelengths corresponding to the 

10 respective coloring matters. More particularly, the present invention 
relates to a fluorescence measuring instrument and a fluorometric 
method of irradiating a sample mixed with a plurality of fluorescent 
coloring matters, with light having excitation wavelengths of the 
fluorescent coloring matters, to measure fluorescence excited by the 

15 light. 



Background Art 

In recent years, analysis of various components, genetic diagnosis 
and the like are performed by measurement of fluorescence, absorbance 

20 or reflectance. For example, in component analysis using fluorescence 
measurement, a sample mixed with a coloring matter (fluorescent 
coloring matter) is irradiated with light, and an intensity of fluorescence 
excited by the light is measured to detect a material labeled with the 
coloring matter (fluorescent coloring matter). 

25 In component analysis using absorbance measurement, a sample 

mixed with a coloring matter is irradiated with light having a 
wavelength corresponding to the coloring ^matter, and an intensity of 
transmitted light is measured to calculate absorbance, thereby detecting 
a material labeled with the coloring matter, as disclosed in, for example, 

30 JP No. 9-21749A. In component analysis using reflectance 
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measurement, an intensity of scattered light, instead of transmitted 
light, is measured to calculate reflectance, thereby detecting a material 
labeled with the coloring matter. 

In the case of detection of a plurality of materials using the 
5 above-described component analysis, a sample is mixed with a plurality 
of different coloring matters that vary depending on the materials to be 
detected, and the sample is irradiated with light corresponding to each 
coloring matter separately. 

In the case of fluorescence measurement, component analysis is 

10 performed by irradiating a sample mixed with a plurality of coloring 
matters (fluorescent coloring matters) that have different excitation 
wavelengths and fluorescence wavelengths, with light having the 
excitation wavelength of each coloring matter separately, and measuring 
a fluorescence intensity of the coloring matter, as disclosed in, for 

15 example, JP 2000-503774A. 

In the case of absorbance measurement, component analysis is 
performed by irradiating a sample mixed with a plurality of coloring 
matters having different absorption wavelengths, with light having the 
absorption wavelength of each coloring matter separately, to measure an 

20 intensity of transmitted light for each coloring matter. 

However, in general, the excitation wavelength, absorption 
wavelength and reflection wavelength of a coloring matter have a certain 
width. Therefore, in fluorescence measurement, if the coloring matters 
(fluorescent coloring matters) used have close excitation peak 

25 wavelengths, when a certain coloring matter is excited by light with its 
excitation wavelength, other coloring matter(s) also may be excited by 
the light. In this case, the resultant fluorescence intensity is a value 
obtained by combining the fluorescence intensity of each excited coloring 
matter, thereby making it difficult to perform accurate component 

30 analysis, genetic diagnosis or the like. 
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The same is true of absorbance measurement and reflectance 
measurement. Specifically, the resultant intensity of transmitted light 
or scattered light is a value obtained by combining the intensity of 
transmitted light or scattered light for each coloring matter, thereby 
5 making it difficult to perform accurate component analysis, genetic 
diagnosis or the like. 

An object of the present invention is to provide a measuring 
instrument and a fluorometric method capable of separating and 
measuring an actual intensity of each coloring matter from a combined 
10 value of the intensity of transmitted light or radiated light. 

Disclosure of Invention 

To achieve the above-described object, a measuring instrument of 
the present invention is a measuring instrument for measuring an 

15 intensity of transmitted light or radiated light for each coloring matter 
when a sample mixed with a plurality of coloring matters is irradiated 
with light having different wavelengths. The measuring instrument 
comprises a light source unit capable of irradiating the sample with the 
light having the different wavelengths; a light receiving unit that 

20 receives the transmitted light or the radiated light and outputs an 
electrical signal corresponding to the intensity of the received light; and 
a calculation section. The calculation section calculates the intensity of 
the transmitted light or the radiated light for each of the coloring 
matters using a correction coefficient that is calculated based on an 

25 electrical signal output by the light receiving unit when the light source 
unit irradiates each of a plurality of correction samples with light having 
a different wavelength from each other, each correction sample being 
mixed with one of the plurality of coloring matters and the mixed 
coloring matters being different from one another. 

30 In the measuring instrument of the present invention, the sample 
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may be mixed with a plurality of fluorescent coloring matters having 
different excitation wavelengths as the coloring matters. The light 
receiving unit may receive fluorescence of the fluorescent coloring 
matters, and output an electrical signal corresponding to a fluorescence 
5 intensity of the received fluorescence. The calculation section may 
calculate the fluorescence intensity of the fluorescence of each of the 
fluorescent coloring matters emitted from the sample using a correction 
coefficient that is calculated based on an electrical signal output by the 
light receiving unit when the light source unit irradiates each of a 

10 plurality of correction samples, each correction sample being mixed with 
one of the plurality of fluorescent coloring matters and the respective 
mixed fluorescent coloring matters being different from one another, 
with light having a corresponding excitation wavelength of the plurality 
of fluorescent coloring matters. In this embodiment, the measuring 

15 instrument of the present invention functions as a fluorometric device. 

In the embodiment in which the measuring instrument functions 
as a fluorescence measuring instrument, preferably, the correction 
coefficient is a matrix (aij (i=l, 2, n; j=l, 2, n)) satisfying 
Expression (l) : 

20 
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where the plurality of fluorescent coloring matters mixed in the sample 
are given numbers 1 to n, and when the light source unit irradiates the 
sample with light having an excitation wavelength of a k-th fluorescent 
25 coloring matter (k=l, 2, n), an output value of the electrical signal 
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output by the light receiving unit is represented by Xk, and a 
fluorescence intensity of the k-th fluorescent coloring matter is 
represented by Yk. The calculation section substitutes the matrix (aij) 
and the output values Xi to X n into Expression (l) to calculate the 
5 fluorescence intensities Yi to Y n as the fluorescence intensities of the 
fluorescent coloring matters. 

Further, in the embodiment in which the measuring instrument 
functions as a fluorescence measuring instrument, preferably, the 
measuring instrument has a light amount monitor that detects a light 

10 amount of light emitted by the light source unit and outputs a signal to 
the calculation section. The calculation section corrects the output 
values Xi to X n or the matrix elements an to a n n based on the signal 
output by the light amount monitor. 

Next, to achieve the above-described object, a fluorometric 

15 method of the present invention is a method for measuring a 
fluorescence intensity of fluorescence of each of a plurality of fluorescent 
coloring matters, the fluorescence being emitted from a sample mixed 
with the plurality of fluorescent coloring matters having different 
excitation wavelengths, by using a light source unit capable of emitting 

20 light having different wavelengths and a light receiving unit that 
receives the fluorescence of the fluorescent coloring matters and outputs 
an electrical signal corresponding to the fluorescence intensity of the 
received fluorescence. The method comprises calculating the 
fluorescence intensity of the fluorescence of each fluorescent coloring 

25 matter emitted from the sample using a correction coefficient. The 
correction coefficient is calculated based on an electrical signal output by 
the light receiving unit when the light source unit irradiates each of a 
plurality of correction samples, each correction sample being mixed with 
one of the plurality of fluorescent coloring matters and the respective 

30 mixed fluorescent coloring matters being different from one another, 
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with light having a corresponding excitation wavelength of the plurality 
of fluorescent coloring matters. 

In the fluorometric method of the present invention, preferably, 
the correction coefficient is a matrix (aij (i=l, 2, n; j=l, 2, n)) 
5 satisfying Expression (l) where the plurality of fluorescent coloring 
matters mixed in the sample are given numbers 1 to n, and when the 
light source unit irradiates the sample with light having an excitation 
wavelength of a k-th fluorescent coloring matter (k=l, 2,..., n), an output 
value of the electrical signal output by the light receiving unit is 

10 represented by Xk, and a fluorescence intensity of the k~th fluorescent 
coloring matter is represented by Yk, and the matrix (aij) and the output 
values Xi to X n are substituted into Expression (l) to calculate the 
fluorescence intensities Yi to Y n as the fluorescence intensities of the 
fluorescent coloring matters. 

15 Further, in the fluorometric method of the present invention, 

preferably, the output values Xi to X n or the matrix elements an to a n n 
are corrected based on a light amount of light emitted by the light source 
unit. 

Furthermore, the present invention may be a program that 
20 implements the fluorometric method of the present invention. By 
installing the program into a computer and executing the program, the 
fluorometric method of the present invention can be performed. Note 
that the term "coloring matter" as used herein includes a fluorescent 
coloring matter for use in fluorescence measurement in addition to 
25 coloring matters for use in absorbance measurement and reflectance 
measurement. When only a fluorescent coloring matter is specified 
among the "coloring matters", the term "fluorescent coloring matter" is 
used. 
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Brief Description of Drawings 

FIG. 1 is a structural diagram showing a fluorescence measuring 
instrument according to an embodiment of the measuring instrument of 
the present invention. 
5 FIG. 2 is a flowchart showing a fluorescence measurement 

process performed by a fluorescence measuring instrument of FIG. 1. 

FIG. 3 is a flowchart showing a correction coefficient calculation 
process performed in the fluorescence measuring instrument of FIG. 1. 

FIG. 4 is a flowchart showing a light amount correction value 
10 calculation process performed in the fluorescence measuring instrument 
of FIG. 1. 

Best Mode for Carrying Out the Invention 

Hereinafter, an exemplary measuring instrument and 

15 fluorometric method of the present invention will be described with 
reference to the accompanying drawings. Note that, in the following 
description, the measuring instrument of the present invention is a 
fluorescence measuring instrument, for example. Firstly, a structure of 
a fluorescence measuring instrument according to an embodiment of the 

20 measuring instrument of the present invention will be described with 
reference to FIG. 1. FIG. 1 is a structural diagram showing the 
fluorescence measuring instrument according to an embodiment of the 
measuring instrument of the present invention. 

The fluorescence measuring instrument of FIG. 1 is an 

25 instrument for measuring a fluorescence intensity of fluorescence 
emitted from each fluorescent coloring matter in a sample 6. As shown 
in FIG. 1, the fluorescence measuring instrument comprises a light 
source unit 1, a light receiving unit 2, a calculation section 3, a display 
section 4, a reaction vessel 5, and a light amount monitor 7. 

30 The sample 6 mixed with a plurality of fluorescent coloring 
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matters is placed in the reaction vessel 5. In the example of FIG. 1, the 
sample is mixed with four fluorescent coloring matters shown in Table 1 
below. Note that, in the present invention, the fluorescent coloring 
matters mixed into a sample are not limited to those shown in Table 1 
5 below and the number of the fluorescent coloring matters also is not 
limited. In the present invention, a required number of appropriate 
fluorescent coloring matters can be selected, depending on the purpose 
the fluorescence measurement or the like . 

10 (Table 1) 



Name of 
fluorescent 
coloring matter 


FAM 


JOE 


TAMRA 


ROX 


Excitation peak 
wavelength [nm] 


470 


500 


530 


560 


Fluorescence 
peak wavelength 
[nm] 


520 


550 


580 


610 



The light source unit 1 has a structure capable of emitting light 
having different wavelengths and can irradiate a sample with light 
having excitation wavelengths of fluorescent coloring matters mixed in 

15 the sample. In the example of FIG. 1, the light source unit 1 comprises 
light emitting devices 11a to lid, dichroic mirrors 12a to 12d, and a total 
reflection mirror 13. 

The light emitting devices 11a to lid emit light in response to an 
instruction of the calculation section 3. The light is used to excite the 

20 fluorescent coloring matters mixed in the sample 6. The light emitting 
devices 11a to lid are disposed in a manner that causes light beams 
emitted by the light emitting devices to be directed in parallel to one 
another. The light emitting devices 11a to lid emit light having 
wavelengths different from one another. The individual wavelengths 
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are set to be the excitation wavelength of one of the fluorescent coloring 
matters mixed in the sample. Specifically, the light emitting device 11a 
emits light having the excitation wavelength of FAM, the light emitting 
device lib emits light having the excitation wavelength of JOE, the light 
5 emitting device 11c emits light having the excitation wavelength of 
TAMRA, and the light emitting device lid emits light having the 
excitation wavelength of ROX. 

The dichroic mirrors 12a to 12d have (high-pass) characteristics 
that allow only light having a specific wavelength or less to be reflected. 

10 The maximum wavelength of light that can be reflected by the dichroic 
mirror is increased in the order* 12a, 12b, 12c, 12d. 

Therefore, light emitted from each of the light emitting devices 
11a to lid travels on the same optical path to enter the total reflection 
mirror 13, and is reflected from the total reflection mirror 13 to enter the 

15 reaction vessel 5. An amount of light emitted from the light emitting 
devices 11a to lid is monitored by the light amount monitor 7. The 
light amount monitor 7 detects the amount of light emitted by the light 
emitting devices 11a to lid and outputs a signal to the calculation 
section 3. 

20 Note that, in the example of FIG. 1, since the number of 

fluorescent coloring matters used is four, the number of light emitting 
devices constituting the light source unit 1 is also four. The number of 
dichroic mirrors is also four, corresponding to the number of light 
emitting devices. Note that, in the present invention, the number of 

25 light emitting devices and the number of dichroic mirrors are not limited 
to this, and are determined depending on the number of fluorescent 
coloring matters used. As the light emitting devices 11a to lid, light 
emitting diodes or semiconductor lasers are used preferably, and xenon 
lamps or halogen lamps also can be used. 

30 The light receiving unit 2 receives fluorescence emitted from the 
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reaction vessel 5, and outputs an electrical signal corresponding to a 
fluorescence intensity of the received fluorescence. In the example of 
FIG. 1, the light receiving unit comprises light receiving devices 14a to 
14d, dichroic mirrors 15a to 15d, and a total reflection mirror 16. 
5 In the example of FIG. 1, the dichroic mirrors 15a to 15d have 

(lowpass) characteristics that allow light having a specific wavelength 
or more to be reflected. The minimum wavelength of light that can be 
reflected by the dichroic mirror is increased in the order: 15d, 15c, 15b, 
15a. The light receiving devices 14a to 14d are photodiodes and are 
10 arranged in a manner such that light reflected from one dichroic mirror 
enters the light receiving surface (not shown) of one light receiving 
device. 

Therefore, fluorescence emitted from the reaction vessel 5 is 
reflected from the total reflection mirror 16, and thereafter is reflected 

15 from one of the dichroic mirrors 15a to 15d, depending on the wavelength 
of the fluorescence to enter a corresponding light receiving device. As a 
result, each light receiving device outputs an electrical signal 
corresponding to a fluorescence intensity of fluorescence to the 
calculation section 3. 

20 The calculation section 3 calculates fluorescence intensity based 

on the electrical signal output from the light receiving unit 2. A result 
of the calculation is displayed on the display section 4. The display 
section 4 is a liquid crystal display apparatus, a CRT or the like. 

Next, a fluorometric method of the present invention will be 

25 described with reference to FIGS. 2 to 4. Note that the fluorometric 
method of the present invention can be performed by operating the 
fluorescence measuring instrument of FIG. 1. Therefore, in the 
following description, an operation of the fluorescence measuring 
instrument of FIG. 1 will be described. 

30 FIG. 2 is a flowchart showing a fluorescence measurement 
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process performed by the fluorescence measuring instrument of FIG. 1. 
As shown in FIG. 2, the calculation section 3 of the fluorescence 
measuring instrument initially determines whether or not a correction 
coefficient has been calculated (step Si). The correction coefficient is 
5 used for calculation of fluorescence intensity for each fluorescent coloring 
matter based on an electrical signal output by the light receiving unit 2 
when a sample mixed with a plurality of fluorescent coloring matters is 
irradiated with light having an excitation wavelength of each fluorescent 
coloring matter. 

10 As used herein, the term "fluorescence intensity of each 

fluorescent coloring matter" refers to, not a combined value obtained in 
conventional fluorescence measurement, but an intensity of fluorescence 
emitted only by a fluorescent coloring matter whose excitation 
wavelength corresponds to the wavelength of the light when a sample is 

15 irradiated with light. In the present invention, the above-described 
correction coefficient is used to separate an actual fluorescence intensity 
from a combined value as described below. 

In the example of FIG. 2, the correction coefficient is a matrix (aij) 
that satisfies the above-described expression (l). Note that, in the 

20 example, the number of fluorescent coloring matters mixed in a sample 
is four as described above. Therefore, the four fluorescent coloring 
matters mixed in a sample are given numbers 1 to 4 in order of 
excitation wavelength from the shortest. The correction coefficient is a 
matrix (aij (i=l, 2, 3, 45 j=l, 2, 3, 4)) that satisfies Expression (2) below: 

25 
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where, when the light source unit 1 irradiates a sample with light having 
the excitation wavelength of a k-th fluorescent coloring matter (k=l, 2, 3, 
4), an output value of an electrical signal output by the light receiving 
unit 2 is represented by Xk, and the fluorescence intensity of the k"th 
5 fluorescent coloring matter is represented by Yk. 

When it is determined in step SI that the correction coefficient 
has not yet been calculated, the calculation section 3 performs a 
correction coefficient calculation process (step S2), and thereafter, step 
S3 below. Note that the correction coefficient calculation process of step 

10 S2 specifically will be described below. 

On the other hand, when it is determined that the correction 
coefficient has been calculated in step SI, the calculation section 3 
causes each of the light emitting devices 11a to lid to emit light and 
causes the light amount monitor 7 to measure the amount of light. 

15 When the measured light amount is varied, the calculation section 3 
calculates a light amount correction value for correcting output values Xi 
to X4 described below (step S3). Note that details of step S3 will be 
described below. 

Next, the calculation section 3 causes each light emitting device 
20 of the light source unit 1 to emit light having an excitation wavelength 
toward a sample in order to measure fluorescence intensity (step S4). 
Thereafter, the calculation section 3 receives an electrical signal output 
by the light receiving unit 2 to obtain its output value Xk (k =1 to 4) (step 
S5). 

25 Note that, in the example of FIGS. 1 to 4, the output value of the 

electrical signal output by the light receiving unit 2 is a digital value 
that is obtained by I/V converting a current value of an electrical signal 
output by the light receiving devices 14a to 14d and further A/D 
converting the resultant voltage value. However, the present invention 

30 is not limited to this. The output value of the electrical signal output by 
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the light receiving unit 2 may be a digital value obtained by A/D 
converting the current value of the electrical signal output by the light 
receiving devices 14a to 14d. 

Thereafter, the calculation section 3 determines whether or not 
5 all the output values Xi to X4 have been obtained (step S6). When not 
all the output values Xi to X4 have been obtained, the calculation section 
3 performs steps S4 and S5 again. 

On the other hand, when all the output values Xi to X4 have been 
obtained, the calculation section 3 substitutes the correction coefficient 

10 and the output values Xi to X4 obtained in step S5 into the 
above -described Expression (2) to calculate fluorescence intensities Yi to 
Y4 of the fluorescent coloring matters (step S7). Note that, when a light 
amount correction value has been calculated in step S3, the output 
values Xi to X4 or the matrix elements of the matrix (ay (i=l, 2, 3, 4; j=l, 

15 2, 3, 4)) corrected using the light amount correction value are substituted 
into Expression (2). 

The above -de scribed fluorescence measurement process is then 
ended, and the fluorescence intensity of each fluorescent coloring matter 
is displayed on the display section 4. Thus, the fluorescence measuring 

20 instrument and the fluorometric method of the present invention can be 
used to separate actual fluorescence intensity from a combined value, 
resulting in more accurate fluorescence measurement than conventional 
techniques. 

Next, the correction coefficient calculation process in step S2 of 
25 FIG. 2 will be described with reference to FIG. 3. FIG. 3 is a flowchart 
showing the correction coefficient calculation process performed in the 
fluorescence measuring instrument of FIG. 1. 

The correction coefficient calculation process is performed using a 
plurality of samples for correction. Each correction sample is mixed 
30 with only one of the fluorescent coloring matters to be mixed in a sample. 
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The fluorescent coloring matters mixed in the respective correction 
samples are different from one another. Specifically, in the example of 
FIG. 3, a sample is mixed with four fluorescent coloring matters as 
shown in Table 1, and therefore, four correction samples are required. 
5 The correction coefficient calculation process is performed using 

Expressions (3) to (6) below, which are obtained by expanding Expression 
(2). 

anYi + ai 2 Y 2 + a i3 Y 3 + ai 4 Y 4 = Xi (3) 

10 a 2 i Yi + a 2 2Y 2 + a 23 Y 3 + a 24 Y 4 = X 2 (4) 

a 3 i Yi + a 32 Y 2 + a 33 Y 3 + a 34 Y 4 = X 3 (5) 

a 4i Yi + a 42 Y 2 + a 43 Y 3 + a 44 Y 4 = X 4 (6) 

As shown in FIG. 3, the calculation section 3 initially irradiates 
the correction sample with light from each light emitting device (step 
Sll), and then obtains an output value of an electrical signal output by 
the light receiving unit 2 (step S12). Thereafter, the calculation section 
3 substitutes the obtained output values into Expressions (3) to (6) (step 
S13). 

Next, the calculation section 3 determines whether or not output 
values have been obtained from all the correction samples (step S14). 
When output values have been obtained from not all the correction 
samples, steps Sll to S13 are performed again. When output values 
have been obtained from all the correction samples, step S15 is 
performed. 

Steps Sll to S13 will be described specifically. The calculation 
section 3 initially irradiates a correction sample mixed only with a first 
fluorescent coloring matter (FAM), with light having the excitation 
wavelengths of first to fourth fluorescent coloring matters using the light 
source unit 1. In this case, output values of output electrical signals are 
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20 



25 



30 
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represented by Fl to F4, corresponding to the names of the fluorescent 
coloring matters. The calculation section 3 substitutes the output 
values Fl to F4 into Xi to X4 of Expressions (3) to (6). Also in this case, 
since the correction sample is mixed only with the first fluorescent 
5 coloring matter, Y2=Y3=Y4=0 (zero) in Expressions (3) to (6). Therefore, 
Expressions (7) to (10) below are obtained. 



anYi = 


Fl- • • 


••(7) 


a2iYi = 


F2- • • 


••(8) 


a3iYi = 


F3- • • 


••(9) 


a4iYi = 


F4- • • 


• • (10) 



Similarly, the calculation section 3 irradiates a correction sample 
mixed only with a second fluorescent coloring matter (JOE), a correction 

15 sample mixed with a third fluorescent coloring matter (TAMRA), and a 
correction sample mixed only with a fourth fluorescent coloring matter 
(ROX), with light having the excitation wavelengths of the first to fourth 
fluorescent coloring matters using the light source unit 1, obtains output 
values of output electrical signals, and substitutes the obtained output 

20 values into Expressions (3) to (6). The output values in these cases are 
represented by Jl to J4, Tl to T4, and Rl to R4, respectively. In this 
case, Expressions (ll) to (22) below are obtained. 



ai 2 Y 2 = 


J1-- 


••(11) 


a 22 Y2 = 


J2- • • 


••(12) 


a32Y2 = 


J3- • ■ 


••(13) 
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a43Y3 = 


T4- ■ 


••(18) 


ai4Y4 = 


Rl • 


••(19) 


a24Y4 = 


R2 - • 


••(20) 


a34Y 4 = 


R3- • 


••(21) 


a44Y4 = 


R4- 


••(22) 



Next, in step S15, the calculation section 3 uses Expressions (7) 
to (22) obtained in step S13 to calculate a matrix (aij (i=l, 2, 3, 4; j=l, 2, 3, 
4)) that satisfies Expression (2), as a correction coefficient. 
10 Specifically, the calculation section 3 sets an=a22=a33=a44=l to 

calculate the correction coefficient. For example, a ratio of an-ai2 : ai3 : ai4 
is determined, depending on a fluorescent coloring matter used. 
Therefore, the calculation section 3 calculates ai2=Jl/Fl, ai3=Tl/Fl, and 
ai4=Rl/Fl. 

15 Similarly, the calculation section 3 calculates a2i=F2/J2, 

a23=T2/J2, and a24=R2/J2. The calculation section 3 also calculates 
a 3 i=F3/T3, a 3 2=J3/T3, and a 3 4=R3/T3. Further, the calculation section 
calculates a 4 i=F4/R4, a 4 2=J4/R4, and a 4 3=T4/R4. 

The above-described correction coefficient calculation process is 

20 then ended. Note that the correction coefficient calculation process can 
be performed before shipment of the fluorescence measuring instrument 
of the present invention. In this case, it is preferable that the 
correction coefficient previously is stored in a memory in the fluorescence 
measuring instrument before product shipment. Also in this case, steps 

25 SI and S2 do not have to be performed in the fluorescence measurement 
process of FIG. 2. 

Next, correction of an output value based on a light amount, 
which is shown in step S3 of FIG. 2, will be described with reference to 
FIG. 4. FIG. 4 is a flowchart showing a light amount correction value 

30 calculation process performed in the fluorescence measuring instrument 
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of FIG. 1. 

When the light amounts of the light emitting devices 11a to lid 
vary with time and environment, the ratio of an'a2i : a3i : a4i, the ratio of 
ai2 : a22 : a32 : a42, the ratio of ai3 : a23 : a33 : a43, and the ratio of ai4 : a24 : a34 : a44 
5 are influenced, so that it is no longer possible to calculate a fluorescence 
brightness accurately. To prevent this, the light amount correction 
value calculation process of FIG. 4 is performed. 

Specifically, as shown in FIG. 4, the calculation section 3 initially 
measures a current light amount ratio of the light emitting devices 11a, 
10 lib, 11c and lid based on a signal from a light amount monitor where 
the light amount ratio of the light emitting devices when the correction 
coefficient was determined is assumed to be l^l'l-l (reference value) 
(step S21). 

Next, the calculation section 3 determines whether or not the 

15 obtained light amount ratio is changed from l^l-l-l (step S22). When 
the light amount ratio is not changed, the calculation section 3 ends the 
process. On the other hand, when the light amount ratio is changed, 
the calculation section 3 calculates a light amount correction value 
corresponding to a change width (step S23). 

20 For example, it is assumed that the ratio of light amounts of the 

light emitting devices 11a, lib, 11c and lid is 1"2"3"4. In this case, in 
order to return the light amount ratio to a reference value, the light 
amount of each light emitting device needs to be multiplied by 1/1, 1/2, 
1/3, or 1/4. Therefore, the light amount correction values are 1/1, 1/2, 

25 1/3, and 1/4. Note that, when the light receiving devices 14a to 14d 
have a low level of sensitivity, a variation in light amount has a small 
influence on fluorescence intensity. When the sensitivity is high, the 
reverse is true. Therefore, it can be said that the light amount 
correction value preferably is determined, taking into consideration the 

30 sensitivities of the light receiving devices 14a to 14d. 
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Therefore, the calculation section 3 substitutes (l/l)Xi, (l/2)X2, 
(l/3)X3 and (l/4)X4 instead of Xi, X2, X3 and X4 into Expression (2) to 
calculates the fluorescence intensities Yi to Y4 in step S7 of FIG. 2. 
Alternatively, the calculation section 3 substitutes (l/l)aii, (l/2)ai2, 
5 (l/3)ai3, and (l/4)ai4 instead of matrix elements aa, ai2, ai3, and ai4 into 
the matrix (atj (i=l, 2, 3, 4; j=l, 2, 3, 4)) that satisfies Expression (2) to 
calculate the fluorescence intensity Yi to Y4- 

Thus, according to the fluorescence measuring instrument and 
the fluorometric method of FIG. 1, even if the light amounts of light 
10 emitting devices vary, fluorescence intensity can be calculated based on 
corrected light amounts of the light emitting devices, thereby making it 
possible to improve the accuracy of fluorescence measurement further. 

Note that the fluorescence measuring instrument of FIG. 1 can be 
implemented by installing a program that causes a computer connected 
15 to the light source unit 1 and the light receiving unit 2 to execute steps 
SI to S7 of FIG. 2 and performing the program. In this case, the CPU 
(central processing unit) of the computer functions as the calculation 
section 3. 

In the above-described embodiments, the fluorescence measuring 
20 instrument and the fluorometric method are described as examples. 
Note that the present invention is not limited to the examples. The 
present invention may be applied to a measuring instrument or method 
using absorbance or reflectance measurement. Specifically, according to 
the present invention, even when a sample is mixed with a plurality of 
25 coloring matters having different absorption wavelengths or reflection 
wavelengths, a correction coefficient can be calculated in the same 
manner as described above and the intensity of transmitted light or 
scattered light can be calculated for each coloring matter. Further, an 
absorbance can be calculated based on the calculated intensity of 
30 transmitted light, and a reflectance can be calculated based on the 
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intensity of scattered light. 

Industrial Applicability 

As described above, according to the measuring instrument and 
the fluorometric method of the present invention, even when a sample is 
mixed with a plurality of coloring matters (e.g., fluorescent coloring 
matters), the actual intensity of each coloring matter can be separated 
from the resultant (fluorescence) intensity of transmitted light or 
radiated light. Therefore, by using the measuring instrument and the 
fluorometric method of the present invention, it is possible to perform 
more accurate component analysis, genetic diagnosis and the like than 
with conventional techniques. 



